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FIGURE 1B
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FIGURE 2
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FIGURE 3A
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FIGURE 3B
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1
IN-LINE MILL ASSEMBLY WITH SPREADER
RING

FIELD OF INVENTION

The present invention relates to a system and method for
improving wear on the cutter blocks and related components
of'an in-line mill. Specifically, the present invention relates to
an in-line mill for receiving and processing a particulate-
laden pressurized fluid stream, wherein the assembly
includes a diverter ring or plate. Preferably, the plate includes
an aperture which is substantially orthogonal to the pressur-
ized fluid flow and permits at least a portion of the pressured
fluid to pass therethrough unabated. The plate further prefer-
ably includes multiple tabs or lobes extending radially out-
ward from the plate aperture, with each tab having varying
angles of deflection relative to the pressured fluid flow. The
impact of the pressured fluid against the tabs creates a more
varied deflection of any particulate entrained in the pressur-
ized fluid, thus dispersing the wear of the cutter blocks and
components of the in-line mill related to reducing the size of
the particulate. Thus, a superior in-line mill assembly with
improved durability in the reduction of particulate size in a
pressurized fluid is disclosed.

BACKGROUND OF THE INVENTION

With the increase in environmental oversight, operators of
power plants are pushing to discover new and better ways to
remediate potential pollutants which are the byproducts of the
power generation process. A variety of approaches have been
developed for removal or mitigation of such byproducts
resulting from coal fired power plants. One known approach
is the use of dry sorbent injection (DSI) systems to reduce
acid gas levels, such as sulfur dioxide (SO2), sulfur trioxide
(SO3), sulfuric acid (H2SO4), and hydrochloric acid (HCI).
DSI involves the addition of an alkaline material (such as
sodium bicarbonate, hydrated lime, or trona) into various
locations of the power plant system such that the acid gases
react with the alkaline sorbents to form solid salts which are
removed via a particulate control device.

While DSI is a cost effective control solution, it is not
without its own processing challenges. For instance, certain
sorbent materials are prone to clumping or agglomeration,
while some sorbent materials (e.g., trona) are known to
require milling in order to increase the surface area for reac-
tion and to be more cost effective. For a variety of reasons
(e.g., superior flow properties and predictability of particulate
size), the use of on-site milling for certain sorbent particulate
is preferred. One particularly effective method of on-site mill-
ing is the use of an in-line pneumatic milling system, which
provides a superior reduction of SO2 or SO3 stack emissions
when injecting trona or sodium bicarbonate. This approach,
however, creates problems in that the consistent injection of
the pressurized fluid in an inlet port can create concentrated
and uneven wear or material buildup on the rotor and cutting
surfaces of the mill. Such wear/buildup, in turn, can precipi-
tate premature replacement or failure of the mill, as well as
reducing the efficacy of the milling process, with the conse-
quential degrading of the efficacy of the contaminant reme-
diation process.

Thus, the present state of the art reflects a need for a system
which reliably mills entrained particulate entrained in a pres-
surized fluid (such as sorbent particulate in a pneumatic con-
veyance system) in an inline mill configuration without cre-
ating undue wear or buildup on mill rotors and cutting
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2

surfaces, as such wear may increase maintenance costs and
failure risks and decrease the efficacy of the system.

DESCRIPTION OF THE PRIOR ART

One example of a prior art approach is found in US 2009/
0194618 Al (Palin et al.), the teachings of which are incor-
porated herein by reference. That invention teaches an in-line
system for milling sorbent material to be used in a pneumatic
conveying system. Palin et al. provides for optimal particle
size in a duct injection system, regardless of the original
sorbent particle size, and is designed to prevent clogging of
the milled material through the system. Such an approach,
however, focuses on a system including a set of mills and
related ductwork which facilitates bypass and cleaning con-
ditions, among other events. Such a milling system, by defi-
nition, requires a series of in-line mills for a given fluid stream
being treated, which may not be practical for certain power
plant configurations. In addition, while Palin et al. teaches
generally the use of in-line milling systems, it fails to address
the problem of improving the efficacy of any one given mill.
In short, while providing an improved system over the prior
art, Palin et al. fails to suggest or teach how to prevent undue
wear or buildup on the active surfaces of an in-line mill.

What is needed is simple, cost effective solution for the
improved durability and milling of an in-line mill for receiv-
ing a particle-laden pressurized fluid.

DEFINITION OF TERMS

The following terms are used in the claims of the patent as
filed and are intended to have their broadest plain and ordi-
nary meaning consistent with the requirements of the law.

An “in-line mill” means an in situ rotary tool for cutting,
grinding or otherwise reducing particulate components which
are located within a pressurized fluid stream.

A “plate” refers to a component for deflecting a least a
portion of a particulate laden fluid stream for milling, the
plate including an aperture which is generally orthogonal to
the fluid stream flow such that at least a portion of the fluid
stream may pass therethrough.

“Tabs” refers to plate components either integral to the
plate or attachments which comprise two or more strips, lobes
or other shaped segments which project at least radially from
the plate aperture.

A “shaft and bearing assembly” refers to a support struc-
ture which is attached to (whether being integral to or con-
nected to) a casing which supports a rotor of an in-line mill.

A “drive assembly” refers to a subsystem which provides
force such that the rotors can cut, grind or reduce particulate
from the fluid stream.

Where alternative meanings are possible, the broadest
meaning is intended. All words used in the claims set forth
below are intended to be used in the normal, customary usage
of grammar and the English language.

OBIJECTS AND SUMMARY OF THE
INVENTION

The apparatus and method of the present invention gener-
ally includes an in-line mill system employing a diverter ring
or plate for processing a pressurized particulate-laden fluid
stream. The plate includes an aperture which is generally or
approximately orthogonal to the fluid stream such that at least
a portion of the fluid stream passes therethrough. The plate
further includes a plurality of tabs projecting in various radial
directions from the aperture, the tabs further projecting in
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various angles relative to the plane defined by the aperture.
Thus, the tabs of the plate variably divert a portion of the fluid
stream so as to disperse the fluid stream across a wider area of
the cutting surfaces of the in-line mill. This dispersion of the
particulate across such cutting surfaces reduces localized
build up and/or wear on the cutting surfaces such that the
efficacy and cost of the in line milling system is improved.
The plate in the in-line mill may be mounted upon and sup-
ported by a variety of structures within the in-line mill includ-
ing the rotor or a casing which enclosed the rotor, plate and
reduction chamber of the mill. The casing is typically sup-
ported by a bearing and shaft assembly, and the rotor is
powered by a drive assembly sufficient to mill, grind or oth-
erwise reduce particulate within the fluid stream .

The immediate application of a present invention will be
seen in processing sorbent and similar particulate for pollu-
tion control from operating plants, though those of skill will
see that the present invention could be applied to other fields
requiring a simple and robust solution for in-line mill systems
processing particulate in a wide variety of fluid streams.

Thus can be seen that one object of the present invention is
to provide a cost effective system for reducing build up and
wear of in-line mills which process particulate entrained in a
fluid stream.

A further object of the present invention is to provide a
system and method for reducing localized wear and build up
on cutting components of an in line mill processing particu-
late-laden fluid streams.

Still another object of the present invention is to provide a
retrofit capable improvement to an in line mill for processing
particulate-laden fluid streams.

Yet another object of the present invention is to provide for
a system which provides more efficient and effective particu-
late milling from a pressurized fluid stream.

Still another object of the present invention is to provide a
system and method for superior in situ sorbent processing in
connection with the desulfurization of gas flue streams.

It should be noted that not every embodiment of the
claimed invention will accomplish each of the objects of the
invention set forth above. In addition, further objects of the
invention will become apparent based on the summary of the
invention, the detailed description of preferred embodiments,
and as illustrated in the accompanying drawings. Such
objects, features, and advantages of the present invention will
become more apparent in light of the following detailed
description of a best mode embodiment thereof, and as illus-
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 15 show a perspective front and rear views of
an in-line mill employing a diverter plate in accord with a first
embodiment of the present invention.

FIG. 2 shows a perspective view of a diverter plate in
accord with a first embodiment of the present invention.

FIGS. 3a and 3b show example rotor and stator compo-
nents, respectively on an in-line mill in accord with an
embodiment of the present invention.

FIG. 4 is an exposed side view of the in-line mill compo-
nents including the plate operating in conjunction with the
rotor and stator components of the system. This view shows
an example of how the plate tabs project in varying axial
angles relative to the aperture.

FIG. 5 is a perspective view of another embodiment of the
present invention showing multiple plates mounted to the
inlet door of the in-line mill.
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4
DETAILED DESCRIPTION OF THE INVENTION

Set forth below is a description of what is currently
believed to be the preferred embodiment or best examples of
the invention claimed. Future and present alternatives and
modifications to this preferred embodiment are contem-
plated. Any alternatives or modifications which make insub-
stantial changes in function, in purpose, in structure or in
result are intended to be covered by the claims in this patent.

FIGS. 1A and 1B shows a first preferred embodiment con-
structed in accordance with the present invention. The in-line
mill 10 includes a casing 12 including a mill body 13 and a
door 14 which is connected to the mill body by hinges 16.
Defined in door 14 is an inlet 18 which provides a means for
introducing the particulate laden fluid stream for milling and
subsequent passage through a discharge 19 (not shown). Fur-
ther mounted on the door 14 in this first preferred embodi-
ment is a diverter plate 20, discussed in further detail below.
The milling itself is provided by means of a circular rotor 30
surrounded by a concentric and closely operating stator 40,
with both rotor 30 and stator 40 disposed within the mill body
13. One example of the components of such an in-line mill 10
is disclosed presently in the discussion of the applicant’s
VIPER Mill™, as disclosed at http://unitedconveyor.com/
uploadedFiles/Systems/Dry Sorbent Injection/
Viper%20Mill %20Datasheet.pdf, and the teaching of that
disclosure is incorporated herein by reference.

As shown in FIG. 2, the diverter plate 20 of a first embodi-
ment of the present is shown. The plate 20 in this embodiment
comprises an aperture 22 and a series of tabs 24, with several
of'the tabs 24 including bolt holes 26 for mounting to the door
14. The aperture can be a variety of shapes. In this embodi-
ment, aperture 22 is generally a circular profile, though those
of'skill in the art will appreciate that the aperture may have an
X or cross shape, or a different saw toothed or other configu-
ration. The aperture is placed in line with the inlet 18 such that
at least a portion of the fluid flow from the inlet 18 may pass
through the aperture unabated. The remainder of the fluid
flow is diverted or deflected on one or more of the tabs 24. The
tabs 24 are bent or arced so as to be axially displaced from the
plane define by the aperture 22. Most preferably, each of the
tabs 24 have different angles relative to their neighboring tabs
24 such that the fluid is more widely scattered as it is diverted.

As shown in FIGS. 3A and 3B, the rotor 30 and stator 40
elements to which the fluid is diverted by tabs 24 provide for
the milling or grinding of particulate within the fluid stream.
The rotor 30 comprises front plate 32, rear plate 34, rotor
blades 36 and a rotor hub 38 which is used to connect the hub
to a drive shaft assembly (not shown) for rotation. The stator
40 includes a front ring 42, back ring 44, couplers 46 and
cutter blocks 48. The rotor 30 and stator 40 operate in close
proximity to one another such that the close proximity of the
rotating rotor blades 36 and the stationary cutter blocks oper-
ate to cut or grind particulate entrained in the fluid stream. The
variable diversion of particulate from the plate 20 provides a
greater dispersion along the axial dimension of the rotor
blades 36 and cutter blocks 48, thus providing for more even
wear, less localized buildup of particulate and, ultimately, a
more efficient desulfurization treatment process.

A side view of the mill 10 of this first embodiment of the
present invention showing the through flow path of a particu-
late laden fluid stream is shown in FIG. 4. In this view, the
pressurized fluid is shown being introduced to the mill 10 via
the inlet 18. The first step in the fluid flow is contact with the
plate 20. As is shown in this side view, the plate is coaxial with
the rotor 30 and stator 40, and each of the tabs 24 have a slight
curve or angle away from inlet 18. A portion of the fluid flow
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passes through the aperture 22, while the remainder is
diverted by one or more of the tabs 24 such that the fluid—and
any particulate entrained in the fluid—comes into operative
communication with the rotor blades 36 and cutting surface
48. This view and the view of FIG. 1B shows generally a shaft
and bearing assembly 50 including a shaft 52 which is dis-
placed through the rotor hub 38. This shaft and bearing
assembly is mounted to the casing opposite the inlet and
provides support for the rotor 30, with the shaft being rotated
by a motor (not shown) or other appropriate drive assembly to
facilitate the milling process.

A variant or second preferred embodiment of the present
invention using a different plate configuration is shown in
FIG. 5. In this embodiment, the mill 10 includes two plates 20
which are both mounted on the door and axially displaced
from one another. In this variant, still greater variable diver-
sion of the fluid and its particulate may be achieved. Those of
skill will also understand that the teachings of the present
invention may extend in this embodiment to plates 20 which
do not individually have but a single tab 24 comprising a
curved or angled projection, but collectively in this embodi-
ment plates 20 provide multiple tabs 24 so as to achieve the
variable diversion providing the superior performance sought
by the present invention.

The above description is not intended to limit the meaning
of the words used in the following claims that define the
invention. Rather, it is contemplated that future modifications
in structure, function or result will exist that are not substan-
tial changes and that all such insubstantial changes in what is
claimed are intended to be covered by the claims. For
instance, the specific plate geometries of the preferred
embodiments of present invention is for illustrative purposes
with reference to the example drawings only. Similarly, while
the preferred embodiments of the present invention are
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focused upon milling pressurized, sorbent laden gas fluid
streams, those of skill will understand the applicability of the
present invention to other fluids and particulate which require
the superior milling provided by the present invention. Like-
wise, it will be appreciated by those skilled in the art that
various changes, additions, omissions, and modifications can
be made to the illustrated embodiments without departing
from the spirit of the present invention. All such modifications
and changes are intended to be covered by the following
claims.

We claim:

1. A spreader ring component of an inline mill, the ring

comprising:

a) a plurality of apertures for mounting onto supports of a
pressurized fluid chamber;

b) a stationary, non-rotating plate having an aperture
defined in the center thereof for receiving and passing
through a portion of a particulate laden pressurized fluid
stream; and

c¢) aplurality oftabs extending radially from the aperture of
the stationary, non-rotating plate, the tabs being axially
displaced from the aperture at a variety of angles so as to
provide multiple angles of redirection for the portion of
the particulate laden fluid stream redirected by the sta-
tionary, non-rotating plate,

whereby the variety of angles of the tabs increase the
variance of dispersion of particulate within the in-line
mill.

2. A spreader ring component of an inline mill of claim 1,

wherein the aperture of the plate has a circular profile.

3. A spreader ring component of an in-line mill of claim 1,

wherein the aperture of the stationary, non-rotating plate has
a saw toothed profile.
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